Abstract. Four-color photometry of IO Com, a detached eclipsing binary with a long period (∼ 53 d), was accomplished in [2004][2005][2006][2007][2008]. The absolute astrophysical and orbital parameters of the system were determined by the analysis of the light and radial velocity curves. No secondary minima in the light curves were detected. It was revealed that IO Com is the system with a highly eccentric orbit consisting of the components of mid-F spectral types. The calculated masses and radii of the primary and secondary components are: 1.32 M ⊙ and 1.21 M ⊙ , and 2.45 R ⊙ and 1.51 R ⊙ , respectively. In the HR diagram, both components of the system are in agreement with the PARSEC isochrones for the ages between 1.5 and 2.2 Gyr and the metallicities Z between 0.01 and 0.02.
INTRODUCTION
According to radial velocity measurements between 1980 and 1988 by Griffin (1988) the star IO Com (HD 116093, HIP 65150) is a long period (∼ 53 d) doubleline spectroscopic binary. The analysis of its radial velocity curve by Griffin (1988) showed that the components of IO Com of spectral types F3 V and F8 V move in a highly eccentric (∼ 0.7) orbit. Ohshima & Ito (1989) from BV photometry obtained only one primary minimum. Its duration was found to be 0.210 d and the depth was 0.265 mag in B and 0.297 mag in V . Using the observed minimum time, together with the conjunction epoch from Griffin (1988) , Ohshima & Ito (1989) 
In the 70th list of variable stars, Kazarovets & Samus (1990) reported that IO Com is an Algol-type eclipsing binary having brightnesses V = 9.15 and 9.48 mag at maximum and minimum, respectively, and a depth of the minimum of 0.33 mag. The system was listed by Eker et al. (2008) in the third catalog of chromospherically active binary stars as a possible BY Draconis type variable.
IO Com is located at the galactic coordinates: ℓ (2000) = 359.83
• , b (2000) = +81.83
• , i.e. close to the Galactic pole. Its Hipparcos parallax is 5.93 ± 1.69 mas (van Leeuwen 2007), i.e. the approximate distance is ∼ 170 pc. Since no comprehensive photometric study of IO Com has been published till now, we consider that our study, covering the five year observations, will be important for determining the physical and orbital parameters of the system. In the next sections we will describe the observations, the analysis of light curves in different colors and the results.
OBSERVATIONS AND LIGHT CURVES
The observations were carried out between 2004 and 2008 using the 48 cm telescope of the Ege University Observatory equipped with a high-speed threechannel photometer (Kalytis 1999) . The star was observed with the Johnson UBVR filters in all observing seasons, except for the year 2008 when the U filter was not used. HD 116234 (F8, B = 8.84 mag, V = 8.26 mag) and HD 115850 (F8 V, B = 8.91 mag, V = 8.45 mag) (the data are from SIMBAD) were chosen as the comparison and control stars. Both stars are quite suitable for IO Com due to their position on the sky, spectral types and brightness. No light variations of the comparison star were noticed during the span of observations. The mean nightly observational errors were found to be 0.019, 0.011, 0.009 and 0.012 mag for U , B, V and R filters, respectively. In all stages of the study, differential magnitudes (variable minus comparison star), corrected for the atmospheric extinction, were used. The observing time was reduced to heliocentric. During the interval of observations we detected three primary minima, but no secondary minimum. The information on the observed minima (including those from the literature) is given in Table 1 . It gives the epoch of observation, the cycle number, the observed minus calculated times of minima, O-C (I), their residuals from a linear fit, O-C (II), filters and references. The values of O-C (I) shown in Figure 1a were calculated by a linear least square fitting technique with Equation (1) using the method adopted by Kwee & van Woerden (1956) and taking the average of minima times obtained in the four filters. The differences from the linear fit versus time are shown in Figure 1b . After that the new improved light elements were found and used to calculate the phases for our light curves with the following equation:
with the uncertainties in brackets. The shape of the primary minimum is found to be asymmetric: the ingress branch is deeper than the egress branch. The depths of the minimum in the U , B, V and R filters measured on the ingress branch are 0.286, 0.273, 0.272 and 0.273 mag, and the depths measured on the egress branch are 0.282, 0.263, 0.250 and 0.247 mag, respectively. The duration of the minimum (t = ϕ 4 -ϕ 1 ) is 0.281 days (0.0053 in the phase scale). Griffin (1988) from the analysis of radial velocity variation has found that the orbit of the system has a high eccentricity. In such systems secondary minima can appear in the phases different from 0.5 of the period. The phase of the secondary minimum can be calculated with the equation
where e is the eccentricity and ω is the periastron argument (Kopal 1959) . The phase of the secondary minimum for IO Com was found to be 0.5823 assuming that the inclination i is 90
• and the parameters ω = 259.2
• and e = 0.69 given by Griffin (1988) . The possible small differences in ω or e values, published in the literature, could result in the failure to observe the secondary minimum phase due to a long period of the system. Accepting the parameters from Griffin, we made the estimates of the Min II phase, taking into account the e values between 0.6 and 0.8 and the ω values between 255
• and 265
• . The resulting phases of the secondary minimum should appear between the phases 0.53 and 0.63. If we know the duration of the primary minimum, d 1 , the duration of the secondary minimum, d 2 , can be calculated (Kopal 1959 
This equation gives 108 min and 46 min as the maximum and minimum durations of the secondary minima for the ranges of ω and e mentioned above. During our observing runs, IO Com was especially observed on the nights when secondary minima were expected. However, a short duration of the minimum corresponds to the fourth decimal digit of the phase because of a long orbital period of the system. Therefore, there is a possibility that in some phase intervals the secondary minima could avoid to be detected.
THE LIGHT CURVE ANALYSIS
In some cases, the orbital configuration of highly eccentric systems may not allow to observe the secondary minima (see Kopal 1959) . Dong et al. (2013) state that both minima could be seen in only ∼ 20% of eclipsing binaries with highly eccentric orbits. Thus, at the beginning of the light curve analysis of IO Com we will consider that the orbit of the system is aligned in a manner that does not allow observation of the secondary minimum, in agreement with the observational results described in Section 2. The initial input parameters for the light curve analysis were based on the radial velocity curve of Griffin (1988) . He suggested that the system consists of the components of spectral types F3 V and F8 V. The astrophysical parameters for stars of these spectral types were taken from the Gray (2005) tables. For the hot component, the effective temperature value T eff = 6785 K was accepted, and it was fixed during the light curve analysis. The mass ratio q of the system was determined by means of radial velocity amplitudes. F-type stars should possess the convective zones on their surfaces (Reiners et al. 2009 ). Therefore we adopted the bolometric albedo coefficients and the gravity darkening exponents of the components as A 1 = A 2 = 0.5 (Rucinski 1973 ) and g 1 = g 2 = 0.32 (Lucy 1968) , respectively. Here, the subscripts 1 and 2 are used to denote the hotter and cooler components of IO Com. The rotational parameters of the components F 1 = F 2 = 1 were adopted. The initial bolometric (x 1,2 bol and y 1,2 bol) and monochromatic limb-darkening coefficients (x 1,2 and y 1,2 ) were taken from van Hamme (1993). The semi-major axis (a), eccentricity (e), inclination (i) and argument of periastron (ω) of the orbit, as well as the dimensionless surface potential potentials (Ω 1,2 ), monochromatic luminosities (L 1 ), fractional radii (r 1,2 ) of the components, systemic velocity (γ) and phase shift (ϕ) were choosen as free parameters in the analysis.
The light curves used in the analysis are created by the phase-averaged data: the phase intervals of 0.001 and 0.0001 were considered as average for the maximum and minimum light, respectively. The normalized mean intensities obtained for the four filters and the radial velocities of the system published by Griffin (1988) were analyzed together. The light curves were analysed using the PHOEBE program (see Prša & Zwitter 2005) . It is obvious from the light curve that IO Com is a detached eclipsing binary, accordingly, the program was performed in the appropriate mode for this type of binaries. The results of the light curve analysis are listed in Table 2 . They allow us to calculate the absolute astrophysical parameters of the components individually (e.g. see Hilditch 2001 ). The semi-major axis a of the system was calculated with the equations:
where a, P , e, i and K are the semi-major axis, orbital period, eccentricity, inclination of the system and the amplitude of the radial velocity variation, respectively. The masses m were determined with the equation In the light curve analysis, the radii are quoted as fractions of stellar separation. The absolute radii of components, R, were calculated from the mean fractional radii r with the equation
The luminosities L and the surface gravities log g of the primary and secondary components were determined with the equations:
log g 1,2 = log (Gm 1,2 /R 2 1,2 ),
where T are the effective temperatures and G is the gravitational constant. The calculated astrophysical parameters are presented in Table 3 . The compatibility between the observed and the theoretical light curves is shown in Figure 2 . The radial velocity variation which corresponds to these parameters is given in Figure  3 .
DISCUSSION AND RESULTS
IO Com is a long-period eclipsing binary system consisting of two F-type components. During the observations of 2004-2008, we have identified three primary minima, but no signs of the secondary minima of the system were detected. The radial velocity changes of the system obtained by Griffin (1988) show that its orbit has a high eccentricity. In such eccentric systems the secondary minimum can appear at an orbital phase different from 0.5 of the period (e.g. see Dong et al. 2013) . Using the equations from Kopal (1959) , we calculated the secondary minimum phase and its duration as 0.5823 and 0.054 d (∼ 1.3 h), respectively, using Equations (3) and (4), adopting the orbital inclination i = 90
• and considering the periastron argument ω and the orbital eccentricity e of the system given by Fig. 3 . The result of analysis of radial velocities from Griffin (1988) . Griffin (1988) . These phases were taken into account in preparing the observing program of the star. However, for a long-period system like IO Com the phase of the secondary minimum occurs in the phase interval which corresponds only to the fourth decimal digit. Therefore, a small difference in the parameters used in calculations can change the duration of secondary minimum and its phase interval considerably. At this point, the periastron argument and eccentricity of the orbit are the most important parameters. Our observing program was planned taking into account a periastron argument interval of 10
• and an eccentricity interval of 0.2, respectively (see Section 3). However, we have not found any decrease in the brightness which could be identified as a secondary minimum.
Although some phase intervals for the occurrence of a secondary minimum still remain not covered, another possibility is that the alignment of the orbital configuration of the system does not allow us to see this minimum. For verification of this possibility, the multicolor light curves obtained in this work were analyzed along with the radial velocity curve using the PHOEBE program (Griffin 1988) . Table 2 shows that the orbital parameters ω and e were obtained as 260.538
• and 0.6947, respectively. Placing these values to Eq. (3), we calculated the secondary minimum phase as 0.5728 and its duration as 0.0010 d (∼ 76 min). Unfortunately, there were no observations in the phase interval between 0.5703 and 0.5766. Therefore, we tried to find an orbital configuration which could give a minimum lasting 76 min at the phase 0.5728. However, no such configuration, which would be also in agreement with the full light and radial velocity curves, was found. This result strengthens the possibility that IO Com has an orbital configuration in which the secondary minima are not observable.
The absolute parameters of the system given in Tables 2 and 3 show that the components of IO Com are of higher radius and lower log g than the main sequence stars of corresponding spectral classes. It seems that the components are in a better agreement with the isochrones of slightly higher metallicity than the solar. Figure 4 shows the effective temperature versus luminosity diagram for the system components together with the PARSEC isochrones from Bressan et al. (2012) for the ages between 1.5 and 2.2 Gyr, which show the best agreement.
For the IO Com coordinates, the average extinction values across the Galaxy is A V = 0.04, which corresponds to E B−V = 0.01 (Schelegel et al. 1998 and Schlafly & Finkbeiner 2011) . Such difference in color causes the increase of the effective temperature of the primary component by 55 K only (see Gray 2005, Eq. 14.17) . Consequently, the neglected reddening does not affect the absolute parameters determined from the light curve analysis. Eker et al. (2008) in the chromospherically active binary star catalog include IO Com as a BY Draconis variable. BY Draconis type stars are K-M type main sequence stars having strong magnetic activities and rotational periods in the range of 1-5 days. They show periodic brightness variations as wave-like distortions in their light curves outside eclipses. We conclude that neither spectral type of IO Com nor its period are appropriate for the definition of a BY Dra type variable. Also, no seasonal or long-term photometric variations were observed outside the eclipses.
However, it is known that F-type main sequence stars can generate solar-like activity by means of the interface dynamo mechanism. There are two parameters effective in the dynamo mechanism: the depth of the convection zone and the surface differential rotation. F-type stars have shallow convection zones and very low activity levels, thus detection of their photometric variability is difficult. However, the location of activity structures on the stellar surface can be detected photometrically due to axial rotation. Also, it would be important to check the photometric results by means of observing spectroscopic activity indicators such as Hα and Ca II H & K lines. In the case of confirmation of this type of activity, it would be more appropriate to define IO Com as RS CVn type star rather than defining it as a BY Dra type variable.
IO Com is either an observational challenge or a non-secondary minimum eclipsing system. Our long-term observations and their analysis support that the second alternative. The completion of the missing phases with new observations would be important.
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